Introduction
The federal government has made the provision of computer and Internet access to school children a top priority. Spending on the E-rate program, which provides discounts to schools and libraries for the costs of telecommunications services and equipment, is roughly $2 billion per year (Puma, et al. 2000 , Universal Services Administration Company 2005 . Recently, the U.S.
Department of Education released the National Educational Technology Plan as part of the No
Child Left Behind Policy. The plan calls for increased teacher training in technology, e-learning opportunities for students, access to broadband, digital content and integrated data systems (U.S.
Department of Education 2004
). Several state, local government and private programs have also created one-to-one computing in selected schools through the provision of laptop computers to schoolchildren and teachers.
1 In a recent national survey funded by the U.S. Department of Education, nearly all principals report that educational technology will be important for increasing student performance in the next few years, and a clear majority of teachers report that the use of technology is essential to their teaching practices (SRI 2002) . The result is that nearly all instructional classrooms in U.S. public schools have computers with Internet access, with an average of 3.5 computers per classroom (U.S. Department of Education 2005).
In contrast to the ubiquity of computers in the classroom, nearly twenty million children, representing 26 percent of all children in the United States, do not have computers in their homes.
This disparity in access to technology at home or the so-called Digital Divide may have implications for educational inequality. Surprisingly, however, the role of home computers in the educational process has drawn very little attention in the literature. There is also no clear theoretical prediction regarding whether home computers are likely to have a negative or positive effect on educational outcomes. Home computers are clearly very useful for completing school assignments and may facilitate learning through research and educational software. The use of home computers may also alter the labor market returns to completing high school, "open doors to learning" encouraging some teenagers to stay in school (Cuban 2001 and Peck, et al. 2002) , and reduce crime. On the other hand, home computers are often criticized for providing a distraction to children through video games and the Internet or for displacing other more active forms of learning (Giacquinta et al. 1993 and Stoll 1995) , and the Internet makes it substantially easier to plagiarize and find information from non-credible sources. Therefore, it is an empirical question as to which of the two opposing forces dominates. Indeed, the few previous studies examining the relationship between home computers and educational outcomes find somewhat mixed results (Attewell and Battle 1999; Schmitt and Wadsworth 2006; Fuchs and Woessmann 2004; Fairlie 2005) .
The answer to whether home computers improve educational outcomes is especially important in light of the large and persistent disparities in access to technology across racial, Financial, informational and technical constraints may limit the optimal level of investment in personal computers among some families.
In this study, we provide a comprehensive analysis of the relationship between computer ownership and high school graduation and other educational outcomes. We employ several identification strategies and use panel data from the two main U.
S. datasets that include recent information on computer ownership among children --the 2000-2003 CPS Computer and Internet Use Supplements (CIUS) matched to the CPS Basic Monthly Files and the National Longitudinal
Survey of Youth 1997 to identify the causal relationship. 3 We find fairly consistent evidence that home computers have a strong positive relationship with high school graduation and additional educational outcomes. The estimated effects of home computers are generally similar even after controlling for detailed, and typically unobservable, measures of the home environment and extracurricular activities, instrumental variables, and fixed effects. We also perform several falsification tests with the data. Specifically, we do not find evidence of a strong relationship between educational outcomes and future computer ownership, cable television or the presence of a dictionary at home, which may be correlated with unobservables but cannot or are unlikely to have causal effects. The estimates also suggest that home computers may increase high school graduation partly by reducing non-productive activities, such as truancy and crime, among children.
Previous Research
Only a few previous studies examine the effects of home computers on educational outcomes. 4 Using the 1988 National Educational Longitudinal Survey (NELS), Attewell and Battle (1999) provide evidence that test scores and grades are positively related to home computer use even after controlling for differences in several demographic and individual characteristics including typically unobservable characteristics of the educational environment in the household.
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They find that students with home computers score 3 to 5 percent higher on tests than students without home computers. Schmitt and Wadsworth (2006) also provide evidence of a positive relationship between home computer ownership and subsequent academic achievement. Using the British Household Panel Survey, they find a significant positive association between home computers and performance on the British school examinations. The results are robust to the inclusion of individual, household and geographical controls, including proxies for household wealth and prior educational attainment. In contrast to these findings, Fuchs and Woessmann (2004) find a negative relationship between home computers and student achievement using the international student-level Programme for International Student Achievement (PISA) database.
They find that students with home computers have significantly lower math and reading scores after controlling for student, family and school characteristics and country fixed effects.
Although these previous studies control for numerous individual, family and school characteristics, their estimates of the effects of home computers on educational outcomes may be biased due to omitted variables. In particular, if the most educationally motivated families are the ones that are the most likely to purchase computers, then a positive relationship between academic performance and home computers may simply capture the effect of unmeasurable motivation on academic performance. Conversely, if the least educationally motivated families (after controlling for child and family characteristics) are the ones that are more likely to purchase computers then their estimates may understate the effects of home computers. Schmitt and Wadsworth (2006) investigate this issue by estimating regression models that include future computer ownership in addition to previous computer ownership. If future computer ownership has a positive effect on achievement then one might suspect that computer ownership proxies for an unobserved factor, such as educational motivation. They find statistically insignificant coefficients on these variables, whereas the coefficient on past computer ownership generally remains positive and statistically significant in their regression models, suggesting that home computers may be an important factor in the educational production function. regressions for the probability of school enrollment, the difference is 1.4 percentage points.
Although the evidence is mixed on whether these probit estimates are biased, bivariate probit models for the joint probability of school enrollment and owning a home computer are also estimated and reveal larger effects (7.7 percentage points). Use of computers and the Internet by the child's mother and father are used as excluded variables.
We contribute to the sparse literature on the educational impacts of home computers by using the two major U.S. panel datasets with recent information on computer ownership -the matched CPS data and the NLSY97 --and employing several empirical strategies to identify the causal effects of home computers on high school graduation and other educational outcomes.
The detailed panel data available in the CPS and NLSY97 allow for the estimation of specifications that include detailed home environment controls, instrumental variables, fixed effects, and future computer ownership. We explore the relationship between home computer and high school graduation, grades, school suspension and criminal activities, and present a simple theoretical model to shed light on potential mechanisms. This comprehensive approach has not been taken in the previous literature.
Theory
Before turning to the empirical results, we first present a simple theoretical model of high school graduation that illustrates the potential effects of home computers. A linear random utility model of the decision to graduate from high school is used. Define U i0 and U i1 as the ith person's indirect utilities associated with not graduating from high school and graduating from high school, respectively. These indirect utilities can be expressed as: In the simple model, there are three major ways in which home computers affect educational outcomes. First, there is a direct effect of having a home computer on the utility of graduating from high school, γ 1 . Personal computers make it easier to complete homework assignments through the use of word processors, spreadsheets, Internet browsers and other software, thus increasing the utility from completing schoolwork (Lenhart, et al. 2001) . Although many students could use computers at school and libraries, home access represents the highest quality access in terms of availability and autonomy, which may provide the most benefits to the user. Access to a home computer may also familiarize the student with computers increasing the returns to computer use in the classroom or increasing preparation for class (Underwood, et al. 1994 , Mitchell Institute 2004 (Stevenson 1999 , Mitchell Institute 2004 , Urban-Lorain and Zhao 2004 .
Access to home computers may have an additional effect on the utility of staying in school beyond making it easier to finish homework and complete assignments. In particular, the use of home computers may "open doors to learning" and doing well in school (Cuban 2001 and Peck, et al. 2002) , and thus encourage some teenagers to graduate from school. The use of computers at home may also translate into more positive attitudes towards information technology potentially leading to long-term use (Selwyn 1998 Personal computers also provide utility from games, email, chat rooms, downloading music, and other non-education uses creating an opportunity cost from doing homework. The higher opportunity cost increases the utility of not graduating from high school. Computers are often criticized for providing a distraction for children through video games and the Internet or for displacing other more active forms of learning (Giacquinta, et al. 1993 and Stoll 1995) . Fuchs and Woessmann (2004) find international evidence of a negative effect of home computers on test scores and suggest that it may be due to the distraction from effective learning. On the other hand, the use of computers at home, even for these non-educational uses, keeps children off the street, potentially reducing delinquency and criminal activities. These activities increase the utility from dropping out of school. The two opposing factors make it difficult to sign the effect of computers on the utility from not graduating from high school, γ 0.
Another way in which personal computers affect the high school graduation decision is through their effects on academic achievement. Computers could improve academic performance directly through the use of educational software and focusing time use on content. As noted above, previous research finds that home computers are associated with higher test scores (Attewell and Battle 1999 and Schmitt and Wadsworth 2006) . Computers, however, may displace other more active forms of learning and decrease learning by emphasizing presentation (e.g. graphics) over content (Giacquinta, et al. 1993 and Stoll 1995) . The Internet also makes it substantially easier to plagiarize and find information from non-credible sources. Therefore, the theoretical effects of computers on academic achievement, δt/δC, and thus on the utility from graduating from high school, λ 1 δt/δC, is ambiguous.
Finally, home computers and the skills acquired from using them may alter the economic returns to completing high school. It is well known that information technology skills are becoming increasingly important in the labor market. The share of employment in information technology industries and occupations and the share of employees using computers and the Internet at work have risen dramatically over the past decade (Freeman 2002) , and a large percentage of new hires are required to use computers (Holzer 1996) . Computer skills may improve employment opportunities and wages, but mainly in combination with a minimal educational credential such as a high school diploma, implying that δY 1 /δC > δY 0 /δC. Valletta Focusing on the high school graduation decision, we assume that the individual graduates from high school if U i1 > U i0 . The probability of graduating from high school, y i =1, is:
where F is the cumulative distribution function of ε i1 -ε i0 . The model can be estimated with a logit regression by assuming that ε i1 -ε i0 has a type I extreme value distribution. In (3.3), the separate effects of computers on the probability of graduating from high school are expressed in relative terms. Home computers have a direct effect on the graduation probability through relative utility, and indirect effects through improving achievement and altering relative earnings.
Unfortunately, identification of the separate parameters is difficult and requires Z and W to contain elements not included in X, a good measure of achievement, and the calculation of predicted earnings for both educational choices. Instead of assuming a structural form and/or applying tenuous exclusion restrictions and making distribution assumptions, we estimate the following reduced form model:
where π includes all individual, parental, family and school characteristics. Although the more detailed assertions of the theoretical model cannot be tested, the total effect of home computers on high school graduation can be estimated using (3.4). The theoretical model does not provide a prediction regarding the sign or magnitude of the effect of home computers on high school graduation, and thus we turn to an empirical analysis.
Data
The To match these data, we follow the approach taken in Madrian and Lefgren (2000) .
Home Computers and High School Graduation
Although access to computers in the nation's schools is universal, access to home computers is far from one hundred percent among children. Estimates from the 2003 CPS indicate that slightly more than one fourth of all children in the United States do not have access to a computer at home. Among children ages 16 to 18 who have not graduated from high school, slightly more than 20 percent do not have access to a home computer (see Table 1 Teenagers also use home computers for many other purposes. The most common uses of home computers among teenagers are for the Internet (86.9 percent), games (72.6 percent), and email (78.2 percent). Use of home computers for graphics and design (45.0 percent) and spreadsheets or databases (22.1 percent) in addition to word processing are also fairly common.
None of these uses among high school students, however, is as prevalent as using home computers to complete school assignments. Concerns that home computers are only used for non-educational purposes such as playing games, listening to music, and emailing friends, appear to be exaggerated.
At a minimum, estimates from the 2003 CPS indicate that home computers are useful for completing school assignments. Whether these students wrote better reports or could have completed similar quality school assignments at a library, community center or school, however, is unknown. Furthermore, the prevalence of non-educational uses of home computers suggests that home computers may also provide a distraction that lessens or negates their educational impact. The first step in attempting to answer this question is to examine whether children who have access to home computers are more likely to graduate from high school than children who do not have home computers. very small percent of GEDs in our measure of high school graduation, and the unreliability of the GED measure in the CPS (Chaplin 2002) . 9 Dropping out of school, however, is associated with a much lower probability of returning to and completing high school. For example, estimates from the NLSY indicate that 50 percent of dropouts from 1979-1986 returned to school by 1986 (Chuang 1997) , and estimates from the CPS indicate that only 42 percent of 22-24 year olds who did not complete high school received a GED (U.S. Department of Education 2001).
Estimates from the CPS and NLSY97 clearly indicate that teenagers with home computers are more likely to graduate from high school than children without home computers.
The difference in graduation rates is large and not much smaller than differences generated by extreme changes in parental education or family income. Although these estimates do not control for other factors, such as parental education and family income, they are suggestive of the direction and size of potential impacts.
Estimating the Effects of Home Computers on High School Graduation
To control for parental education, family income and other characteristics, we estimate probit regressions for the probability of graduating from high school using the two datasets. We discuss the results from the CPS first, which are reported in Table 3 . All specifications include the sex, race, immigrant status and age of the child, number of children in the household, family income, home ownership, mother's and father's presence in the household, education level, labor force status and occupation, region of the country, central city status, and the state-level unemployment rate, average expenditures per pupil and dummy variables for the age requirements of compulsory schooling laws in addition to home computer ownership. 10 These independent variables are measured in the first survey year prior to measurement of high school graduation. Mother's and father's education levels generally have a positive effect (although not statistically significant) on the graduation probability and home ownership has a positive effect on graduation. Latino children, boys, and children with many siblings are less likely to graduate from high school, all else equal.
Home computers are associated with graduating from high school by the following year.
The coefficient estimate on the home computer variable is large, positive, and statistically significant. The reported marginal effect indicates that having a home computer is associated with an 8.1 percentage point higher probability of graduating from high school. 11 The effect of this variable on the probability of high school graduation is roughly comparable in magnitude to that implied by being a girl or owning a home. It is also less than one half the raw difference in high school graduation rates reported in Table 2 .
ADDITIONAL PROBIT ESTIMATES
One concern with these results is that some students may have limited exposure to recently purchased computers, thus reducing the estimated effect on high school graduation.
Although the CPS does not provide information on the timing of when all computer purchases were made, it provides information on when the newest computer was obtained by the family. To insure longer exposure to having a computer and to further eliminate concerns regarding reverse causation or joint determination, we include an additional dummy variable measuring whether the newest computer was purchased in the first survey year (Specification 2). A problem with this measure is that a computer purchased in the first survey year may represent a replacement for an older model. The coefficient on home computer, which now measures the relationship for computers purchased at the latest in the year prior to the first survey year (or 21-34 months prior to measurement of high school graduation), is very similar to the original coefficient. The interaction coefficient is small and statistically insignificant. Therefore, the large estimated relationship between home computers and high school graduation is not sensitive to the inclusion of recently purchased computers.
Although not reported, we also estimate a specification that includes the number of computers per person in the household. A limitation of the data, however, is that the measure of the number of computers in the CPS is censored at 3. Thus, we include a per capita measure for households with 1 or 2 computers and a dummy variable for 3 or more computers. We find a large, positive and nearly statistically significant coefficient on the per capita computer measure.
We also find a positive and statistically significant coefficient on the dummy variable for three or more computers. Although we do not have complete information on the number of computers, the results indicate that the level of access to home computers is also associated with the probability of graduating from high school.
In the spirit of the "pencil test" presented in DiNardo and Pischke (1997) in which they find a similarly sized estimate of the relationship between wage differentials and computer use at work and the relationship between wage differentials and pencil use, we also examine whether cable television is associated with a higher probability of graduating from high school. The 2003 CPS includes information on whether the household has cable television. Because we do not expect access to cable television to increase the probability of high school graduation among teenagers, the finding of a similarly sized coefficient estimate as the one for home computers may indicate that the estimated home computer effect is simply capturing the correlation with an unobserved family characteristic. We find a small and statistically insignificant coefficient on the cable television dummy variable when it is included alone or in addition to the home computer dummy variable. The coefficient on home computer remains large, positive and statistically significant.
BIVARIATE PROBIT ESTIMATES FROM THE CPS
Although the probit models include numerous controls for individual, parental, and family characteristics, estimates of the effects of home computers on high school graduation may be biased. For example, if children with higher levels of academic ability or children with more "educationally motivated" parents are more likely to have access to home computers, then the probit estimates may overstate the effects of home computers on high school graduation. On the other hand, if parents of children with less academic ability or time to spend with their children are more likely to purchase computers, then the probit estimates may understate the effects. In either case, the effects of unobserved factors, such as academic ability and parental motivation, may invalidate a causal interpretation of the previous results.
A potential solution to this problem is to estimate a bivariate probit model in which equations for the probability of high school graduation and the probability of having a home computer are simultaneously estimated. We exclude dummy variables for whether the child's mother and father use the Internet at work and whether another teenager is present in the household from the equation determining high school graduation. These three variables should affect the probability of purchasing a computer, but should not have a large effect on high school graduation (after controlling for family income, parental education, parental occupations and number of children). Internet use at work may be associated with higher earnings, but this effect should be controlled for by the inclusion of family income. Similarly, the presence of an additional teenager may increase demand for home computers because of high rates of use for this age group, but it is unlikely to have a large effect on high school graduation after controlling for the number of children in the household.
Before discussing the bivariate probit results, we provide some evidence on the validity of these exclusion restrictions by examining correlations with having a home computer and high school graduation (reported in Table 4 ). Computer ownership rates are higher when the mother uses the Internet at work, the father uses the Internet at work, and there is another teenager present in the household indicating that all three instruments are strongly correlated with having a home computer. In addition, controlling for other factors in probit models we find that the coefficients on all instruments are individually and jointly statistically significant with low pvalues. On the other hand, all of the instruments are uncorrelated with high school graduation rates after controlling for other factors in probit regressions. In all cases, the coefficient estimates are small and statistically insignificant. Although this is not a formal test of the validity of the exclusion restrictions, it suggests that the excluded variables are correlated with home computers, but do not have a strong independent correlation with high school graduation.
Estimates from the bivariate probit model for the probability of high school graduation and having a home computer are reported in Specification 3 of Table 3 . We first briefly discuss the results for the home computer equation reported in the first column of Specification 3. The probability of owning a home computer generally increases with parental education. Education may be a proxy for wealth or permanent income and have an effect on the budget constraint or may have an effect on preferences for computers through pure tastes, exposure, perceived usefulness, or conspicuous consumption. Family income and home ownership are also important determinants of owning a computer. The estimated positive relationships are likely to be primarily due to their effects on the budget constraint through income and wealth, however, they may also be due to effects on preferences. African-American and Latino children have lower probabilities of having a home computer than do white children, all else equal. Returning to the bivariate probit model, we also check the sensitivity of the bivariate probit estimates to various combinations of exclusion restrictions. Although we do not find evidence that the original probit estimates are inconsistent, the analysis is useful for completeness and addresses concerns that one of the excluded variables is problematic. Specifically, we estimate bivariate probit models in which we remove mother's Internet use at work (which had the weakest relationship with home computers), and use only father's Internet use at work or the presence of another teenager as the exclusion restriction (see Table 5 ). In all cases, the coefficient estimate on home computer is large, positive and roughly similar in magnitude to the original estimates. None of the coefficients, however, is statistically significant. Overall, the home computer coefficient estimate is not sensitive to the choice of exclusion restrictions in the bivariate probit models.
As a final check of the sensitivity of the bivariate probit estimates, we add another exclusion restriction to the model. If network effects exist in the adoption of computers then the rate of computer ownership in the local area should affect the probability of owning a computer (Goolsbee and Klenow 2002) . At the same time, local levels of computer ownership should not have a large effect on high school graduation rates after controlling for education, family income, and home ownership. Therefore, we use computer ownership rates in the metropolitan area as an additional exclusion restriction in the bivariate probit. Estimates are reported in Specification 4
of Table 5 . The addition of this exclusion restriction has little effect on the home computer coefficient estimate.
The findings from the bivariate probit and 2SLS models do not contradict our original findings of a positive association between having a home computer and graduating from high school from probit regressions. Although the estimated magnitude of the relationship is roughly similar in the probit, bivariate probit and 2SLS models, there is no evidence of correlated unobservables, and the bivariate probit estimates are not sensitive to different estimation techniques and exclusion restrictions, we are still left with some uncertainty because of the lack of precision in the bivariate probit and 2SLS estimates. We now turn to an analysis of the relationship using data from the NLSY97.
ESTIMATES FROM THE NLSY97
Estimates from probit regressions for the probability of graduating from high school using the NLSY97 are reported in Table 6 . The dependent variable equals one if the individual graduates from high school by age 19. Computer ownership is measured between ages 15-17 and most other variables are measured in the first survey year, 1997. 13 All specifications include similar individual, parental, and family characteristics as in the CPS specifications. In addition to these controls, we include dummy variables for more detailed living arrangements, whether the child's mother was a teen mother, whether any grandparent is a college graduate, household net worth and a continuous measure of household income in Specification 1. High school graduation 13 Children living alone in 1997 are excluded from the sample.
generally increases with parents' and grandparent's education, household net worth and household income.
The NLSY97 provides additional evidence of a strong positive relationship between computer ownership and high school graduation after controlling for individual, parental and family characteristics. The coefficient estimate on home computer is large, positive and statistically significant. Having a home computer as a teenager is associated with a 0.0685 higher probability of graduating from high school. 14 The coefficient estimate implies a larger difference in graduation probabilities than either having a college graduate mother or having a college graduate father (relative to high school dropouts).
The NLSY97 also includes information on religion and private school attendance. 15 We include these measures as additional controls in Specification 2. Their inclusion has little effect on the home computer coefficient estimate. To further account for potential unobserved factors correlated with having a home computer we add two typically unobservable measures of the home environment in Specification 3 --whether a language other than English is spoken at home and whether there is a quiet place to study at home. Although the coefficient is insignificant at conventional levels, speaking another language at home is associated with a lower probability of graduation. The coefficient on whether there is a quiet place to study is very small and statistically insignificant. The addition of these home environment controls has no effect on the estimated relationship between home computers and high school graduation.
As a final sensitivity check, we estimate a specification that includes a dummy variable indicating whether the child takes extra classes or lessons, such as music, dance, or foreign language lessons. This variable is likely to represent a good proxy for educational motivation.
Indeed, we find a positive and statistically significant coefficient on the variable. Even after controlling for this variable, however, we continue to find a strong positive relationship between access to a home computer and high school graduation.
Estimates from the NLSY97 indicate that home computers are associated with more than a 0.06 higher probability of graduating from high school, which is similar in magnitude to the estimates from the CPS. These estimates are extremely robust to controlling for the exceptionally rich set of individual, parental, family and home environment characteristics available in the NLSY97.
DICTIONARIES AS A PENCIL TEST
The NLSY97 provides another "pencil test" for interpreting the estimated relationship between home computers and high school graduation. The NLSY97 includes information on whether a dictionary is present in the household. It is likely that the presence of a dictionary is correlated with the educational motivation of the family, but it is unlikely that dictionaries have a large effect on educational outcomes. A dictionary may be useful for completing some school assignments, but it is unlikely to have a discernable effect on the likelihood that a child graduates from high school. Specification 5 of Table 6 reports estimates from a model that includes the home dictionary variable. The coefficient estimate on the presence of a dictionary at home is statistically insignificant and is much smaller than the home computer estimate. The home computer marginal effects estimate is now 0.0632, which is only slightly smaller than the previous specification. Finally, we find a small and statistically insignificant coefficient estimate on the presence of a dictionary at home when we include it without the home computer variable.
These results provide additional evidence that is consistent with the hypothesis that the presence of home computers increases the probability of graduating from high school.
GRADES AND HOME COMPUTERS
Estimates from the CPS and NLSY97 indicate a strong positive relationship between home computers and high school graduation, however, we know very little about the underlying causes of this relationship. The similarity of the bivariate probit results and the rich set of controls included in the NLSY97 regressions suggest that the relationship is not solely driven by an unobserved factor. An examination of the relationship between home computers and additional educational outcomes may shed some light on the underlying causes of the relationship and provide further evidence on the educational impacts of home computers.
The NLSY97 includes information on overall grades obtained in high school, which can be used to estimate the student's grade point average (GPA). The theoretical model presented above indicates that home computers may increase GPAs by making it easier to complete school assignments, keeping children out of trouble, or increasing interest in schoolwork. On the other hand, home computers may decrease GPAs by providing a distraction through video games or emphasizing presentation over content. Table 7 reports estimates for linear regressions for GPAs. 16 The mean GPA in the sample is a 2.8 or roughly a B-average. We include the same sets of control variables as those reported in Table 6 . Home computers are associated with higher GPAs. The coefficient on home computer is large, positive and statistically significant. It corresponds to an increase of 0.216 points, which is roughly two thirds the value of a plus or minus grade. The implied effect is comparable in magnitude to having a college-educated mother.
In Specifications 2-4 we include the additional measures of religion, private school, home environment and whether the youth attends extra classes. Although some of these variables have large effects on GPAs, the coefficient estimate on home computer is not sensitive to their inclusion. Specification 5 reports the results of our "pencil test" using the presence of a dictionary at home. The coefficient is relatively small and statistically insignificant and essentially has no effect on the home computer estimate.
These estimates provide further evidence that is consistent with the hypothesis that home computers have a positive effect on educational outcomes. The results also suggest that home computers may affect school performance instead of only affecting the likelihood that a child is enrolled and finishes high school.
SCHOOL SUSPENSION
Personal computers may provide utility from games, email, chat rooms, downloading music, and other non-education uses. Although these types of activities may provide a distraction for children as noted above in the theoretical model, they might reduce delinquency and criminal activities among children, thus increasing the likelihood of graduating from high school. The NLSY97 includes detailed information on delinquency and criminal activities. We first present results for the relationship between home computers and school suspension. Probit estimates for the probability of being suspended from school in the survey year are reported in Table 8 . Access to a home computer is measured in the year prior to the school suspension measure. In our sample, 11.3 percent of children in any given year experience a suspension from school.
Having a home computer is associated with a lower probability of school suspension.
The coefficient estimate is large, negative and statistically significant. Children who have access to a home computer are 2.8 percentage points less likely to be suspended from school than are children who do not have a home computer. The estimated effect is not sensitive to the inclusion of the additional controls. Even after including detailed home environment controls and whether the child takes extra classes, the coefficient estimate on home computer remains large, negative and statistically significant and similar to the estimate in the base specification. The coefficient is also not sensitive to the inclusion of the presence of a home dictionary. The presence of a dictionary at home is not associated with being suspended from school with or without controlling for home computers.
The time-series variation in this variable allows us to estimate two additional models that may help identify causal effects. First, we estimate a fixed effects regression that controls for all unobserved individual, parental and family characteristics that do not change over time. The estimates are reported in Specification 1 of Table 9 . The home computer effect is now identified from changes over time in access to home computers and school suspension. The coefficient estimate on home computer is smaller in magnitude and now statistically insignificant at conventional levels, but remains somewhat large. The point estimate implies an effect of -0.0090, which is 8 percent of the mean school suspension probability of 0.1147. The lack of statistical significance of this estimate, however, may be due to the relatively short time span and lack of time-series variation in having a home computer. We have at most four years of data for each child while they are in school with 40 percent of children having 3 years or less of data. Less than 20 percent of children experience a change in home computers from one year to the next.
Although our sample does not represent an ideal application for a fixed effects model, it is somewhat reassuring that the point estimates from these models do not contradict our previous results.
As a final check of the validity of our results for school suspension we estimate a regression that includes future computer ownership in addition to previous computer ownership. 17 Future computer ownership may serve as a proxy for unobserved characteristics that are correlated with having a home computer and educational outcomes, but cannot have a causal effect on current school suspension. Thus, the finding of a negative coefficient estimate on future computer ownership of similar magnitude to the coefficient estimate on previous computer ownership suggests that the correlation in unobserved factors may be the underlying cause of the estimated negative relationship. Specifications 2 to 5 of Table 9 report probit estimates for the 17 Future computer ownership is measured in the two years after school suspension is measured.
probability of school suspension. The coefficient estimate on home computer remains large, negative and statistically significant, whereas the coefficient estimate on future home computer is much smaller and statistically insignificant in 3 out of 4 specifications. 18 Previous computer ownership, not future computer ownership, appears to have a strong negative correlation with the probability of school suspension, which is consistent with the hypothesis that home computers have a positive effect on educational outcomes. These findings for the relationships between home computers, future home computers and school suspension are also consistent with Schmitt and Wadsworth's (2006) findings for school examinations.
CRIMINAL ACTIVITIES
If home computers reduce criminal activities then they may have an indirect effect on educational outcomes. We investigate this hypothesis by estimating separate probit regressions for the probability of committing any criminal activity, being arrested, and gang activity.
Estimates are reported in Table 10 for the main specification, a specification that includes the presence of a dictionary at home, a fixed effects model, and a specification that includes future home computers. We first discuss the results for children committing any criminal activity, which includes damaging property, stealing, other property crimes, assaults, and selling drugs.
The reported coefficient estimates for home computers are generally negative, but are not statistically significant at conventional levels. Most of the point estimates imply large effects, roughly equal to about 5 percent of the mean. The coefficient estimate on the presence of a dictionary is negative, but has a large standard error, and the coefficient on future home computers is positive, but statistically insignificant. Table 10 also reports estimates for regressions for the probability of arrests. The coefficients are large, negative and statistically significant in most of the specifications. The 18 The coefficient estimate on future computer ownership is small and statistically insignificant when included alone.
fixed effects estimate is not significant at conventional levels and is smaller than the other coefficient estimates, but implies a large effect. The range of reported point estimates indicate that home computers are associated with a decrease in the probability of being arrested by 0.0080 to 0.0179. The average arrest probability in the sample is 0.06. The presence of a dictionary at home and future computer ownership appear to have no relationship with arrests.
The coefficient estimates on home computers in the regressions for the probability of being in a gang are large and negative in all specifications. None of the coefficient estimates, however, is statistically significant at conventional levels. The coefficient estimate on future home computers is very small, but the coefficient on the presence of a dictionary is negative and large, although not statistically significant.
Overall, the estimates provide some evidence of a negative relationship between home computers and criminal activities. The most consistent and statistically significant results are for arrests. For the other criminal activity measures, many of the coefficient estimates are large and negative and consistent across specifications, but are not statistically significant.
Conclusions
The personal computer is ubiquitous in the classroom, however, one quarter of all children in the United States do not have access to a home computer. Although many children do not have a computer at home, surprisingly little previous research has examined the educational consequences of this disparity in access to technology. In this study, we contribute to the scant literature on the impacts of home computers by exploring the relationship between computer ownership and high school graduation and other educational outcomes using recent panel data from matched CPS files and the NLSY97. A simple theoretical model of the high school graduation decision illustrates the mechanisms by which home computers may affect graduation, but does not offer a prediction of the net effect.
To identify the causal effects of home computers on high school graduation and other educational outcomes we employ several empirical strategies. We first estimate probit regressions for the probability of high school graduation using panel data from the CPS and NLSY97. We find that home computers are associated with a 6-8 percentage point higher probability of graduating from high school even after controlling for numerous individual, parental, family and home environment characteristics, including several typically unobservable ones using the NLSY97. Although we find no statistical evidence indicating that the probit estimates are biased, we also estimate bivariate probit models for the joint probability of computer ownership and high school graduation to further rule out the effects of unobserved factors. Using parental use of the Internet at work and the presence of another teenager in the household as instruments, we find coefficient estimates that are similar to the original probit estimates, although statistically insignificant. The estimation of 2SLS models and several additional bivariate probits provide very similar estimates of the magnitude of the relationship, however, these estimates are also statistically insignificant.
The results from "pencil tests" using the CPS and NLSY97 are consistent with the hypothesis that home computers increase the likelihood of children graduating from high school.
Cable television and the presence of dictionaries at home may be correlated with unobserved family characteristics, but are unlikely to have discernable effects on the probability of graduating from high school. Estimates from the CPS indicate that cable television is not correlated with high school graduation, and estimates from the NLSY97 indicate that the presence of a dictionary at home is not correlated with high school graduation. The estimated relationship between home computers and high school graduation is also not sensitive to the inclusion of these variables.
Estimates from the NLSY97 also indicate a strong positive relationship between home computers and grades and a strong negative relationship between home computers and school suspension. To identify causal effects, we estimate fixed effects models and specifications that include future computer ownership for school suspension. The fixed effects estimates, which control for individual, parental and family unobservable characteristics that do not change over time, are smaller in magnitude and insignificant, but continue to imply nontrivial effects. We also find that future computer ownership does not have a strong negative correlation with school suspension, whereas previous computer ownership continues to have a strong negative correlation. Finally, we find some evidence suggesting that home computers may decrease crime.
The estimates also suggest that home computers may increase high school graduation partly by reducing non-productive activities, such as truancy and crime, among children.
The general consistency of the sign and magnitude of estimates across datasets, inclusion of different sets of controls, timing of computer purchases, exclusion restrictions, and estimation strategies suggests that home computers are likely to have positive effects on educational outcomes. The main weakness of the analysis is that some of the techniques, such as the bivariate probits, 2SLS, and fixed effects models, produced imprecisely measured coefficients. On the other hand, the probit models, "pencil tests" and future home computer results provide more precise estimates that are consistent with the hypothesis that home computers improve educational outcomes.
The findings presented here have important policy implications. They suggest that disparities in access to technology may translate into future disparities in educational, labor market and other economic outcomes, thus making the low rates of access to home computers among disadvantaged minorities and poor children especially alarming. Policies that address the financial, informational and technical constraints limiting the optimal level of investment in personal computers among disadvantaged families may be needed. One solution is to expand the relatively new programs that provide students with laptop computers to allow students to take computers home on a regular basis. Tax breaks or special loans for educational computer purchases, training programs, and computer donations represent a few additional examples. The findings also raise concerns about funding cuts for technology-related programs affecting disadvantaged groups, such as community technology centers (Servon and Nelson 2001; Servon 2002 
